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ABSTRACT 
Emissions from solid fuel combustion to indoor, regional and global air emission inventory largely depend on fuel types, 
combustion devices and other factors. The use of biomass cook stove is widespread in the domestic sector of developing 
countries, but these stoves are not efficient and generate high amount of air emissions. Approximately half of the world 
population and up to 90% of rural households in developing countries still rely on biomass fuels and use conventional three 
stone chulha to prepare their meals. Due to improper design of combustion zone and low thermal efficiency, it emits gaseous 
pollutants like CO, particulate matter, etc. In the present work, detailed experimental heat transfer studies have been conducted 
on commercial gasifier cook-stove and different designs of conventional stoves (chulha). Modifications in the existing designs 
of combustion chamber of commercial gasifier stove were also proposed to enhance the stove indicator parameters. From 
performance test results, it was found that gasifier cook-stove shows higher heat transfer efficiency and effective power 
delivery. This indicates a better performance when compared to the average thermal efficiency value of traditional stove. A 
complete energy balance for both the cook stoves has been worked out to assess the causes of heat losses and the reasons for the 
observed reduced thermal efficiencies. Heat transfer experimental results reveal that energy losses due to flue gasses, losses 
due to thermal inertia and heat losses due to radiation was fond to be lower for gasifier cook stoves when compared with 
conventional stove . We found that by optimizing thermal inertia of the stove and opening width of the combustion chamber 
(updraft type), which reduces radiation losses through fuel opening in case of gasifier cook stove, results in improvement of 
thermal efficiency by around 6-8 %. From emission test results, we inferred that average in-house PM and CO emissions were 
lower than that of conventional cook stove. It is therefore, necessary to design and develop techno-economically feasible 
biomass gasifier cook-stove and improving the energy efficiency of biomass clean burning cook stoves, which potentially offers 
a highly cost-effective alternative for easing the burden of buying fuel by urban poor as well as  rural population. 
Keywords: Gasifier Cook-stove, biomass fuel, combustion chamber, thermal efficiency, energy balance 

1. INTRODUCTION 
In developing countries, rural populations are heavily relied on the biomass to satisfy their daily needs. Due to higher 
energy content and abundant availability, agricultural solid biomass waste offer great potential as a e fuel, which is 
used in traditional and gasifier cook stoves as an alternate for fossil fuels. However, incomplete combustion of solid 
fuels in low efficiency traditional cook-stove tends to emit hazardous pollutants such as GHGs, CO, CH4 and polycyclic 
aromatic hydrocarbons (PAHs) etc. [1] and thereby affect human health causing respiratory problems and other health 
issues. In seven Asian countries (China, India, Pakistan, Nepal, Philippines, Sri Lanka and Vietnam), an estimated 
biomass saving potential of 152 million tons of fuel wood and 101 million tons of agricultural residues, in the domestic 
cooking sector alone existed in early nineties. [2]  
Gasification is the partial combustion of solid biomass in presence of controlled air by thermo-chemical process, which 
leads to generation of mixture of combustible gases Hydrogen (H2), carbon monoxide (CO), Methane (CH4), nitrogen 
(N2) and other gases. This combustible mixture is also called as producer gas. The heating value of this gas is in the 
range of 4-6 MJ/Nm3, or about 10-15 % of the heating value of natural gas. Generally, gasifiers are classified into three 
types: updraft gasifier, downdraft gasifier, and cross-draft gasifier. During World War II, Downdraft gasifiers were 
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widely used in operating vehicles and trucks as an engine. Producer gas produced in this type of gasifier contains low 
amount of tar compared with other gasifiers. The selection of one type of gasifier is dictated by the fuel type, its final 
processed form, its size, shape, moisture content etc, [4].         
During combustion of biomass in cook stoves, heat transfer is an essential phenomenon to understand different heat 
losses. Baldwin described different heat transfer processes in a cook stove [5]. With the new mega initiatives of cook-
stoves in India by the Government, more emphasis will be given on development of efficient and cleaner cook-stove 
technologies for energy needs of rural population. Biomass gasifier cook-stoves present a very lucrative option however; 
there are certain issues, which need more R&D attention. The objective of present research is to study a detailed 
scientific understanding of heat transfer as it relates to the design of biomass gasifier cook stoves. If heat transfer 
between the pot surface and hot gases from the fire is optimized, and then overall thermal efficiency of the cooking 
operation can be improved significantly. Achieving this through cost effective means allows more people in developing 
countries to reduce their health burden and reduce the environmental impacts significantly.  In order to minimize the 
losses to the surroundings and maximize the transfer of heat to the food in the pot, a thorough knowledge of heat 
transfer mechanisms and their underlying principles is required to determine the reasons for the losses, how these 
losses can be reduced through modifications of the design of the cook stove etc. 
Nomenclature 
GHG     Green house gases 
CO        Carbon Monoxide 
PAH      Polyaromatic Hydrocarbon 
H2               Hydrogen 
CO        Carbon monoxide 
CH4            Methane,  

2. MATERIALS AND METHODS 

2.1 Selection of fuels for testing 
In experimental study, we have collected different agricultural residues and forest residues (garden waste) locally from 
the village in Maharashtra region nearby Nagpur. Biomass species were selected including cotton waste, sarcasa asoca 
leaf, soybean, wheat straw, rice straw, coconut coir, forest residues (constant percentage of lignin and cellulose) and 
dried in an oven at 110 °C to remove fuel moisture content. In present study, biomass fuel has been selected on the 
basis of proximate and ultimate analysis. The selected cotton waste biomass species show very low ash content, highest 
carbon content, low sulphur content and hence it has good properries to be used as a biomass based fuel.  

 2.2 Test protocol  

 The cook-stove performance tests have been performed as per Indian standard 13152: Part 1. [6]  
2.3 Testing equipment  
In combustion and heat transfer process, the majority of heat losses occurred due to uncontrolled flame, thermal inertia 
of the stove and radiation. To control heat dissipation from combustion chamber into the atmosphere, we designed a 
fume hood with an exit port shown in experimental set up Figure 2. Steady state has been assumed for experimental 
study. UCB Particle monitor and portable CO monitor (Make: Honeywell) was used to measure in-house particulate 
matter and carbon monoxide concentration. 
2.3 Burning Rate capacity test:  
Performance testing was done with reference to the BIS standard [6] to determine the fuel burning rate per hour. To 
determine burning rate, the gasifier combustion chamber was filled and stacked with test fuel in a honey comb fashion 
up to 3/4 of the height of cook stove as recommended by BIS Procedure. Few ml of kerosene has been used to ignite the 
fuel. Initial and final weight of the cook-stove with weighed test fuel was measured before lighting the fuel. The further 
method and steps were adopted as per BIS testing norms and the Burning rate capacity (heat input per hour) was 
estimated using the Equation stated below:      

Heat Input per hour=2*(M1-M2)*CV   Kcal/hr                                (1) 
2.4 Power output rating 
The power output rating of cook stove is a measure of total useful energy produced during one hour by the fuel. It shall 
be calculated as follows. 

Power output rating, Po = F × Hfuel × η / 360000                            (2) 
Where, Po = Power output 
F = rate of consumption of fuel wood (kg/h) 
Hfuel = calorific value of wood (or solid fuel), in kJ/kg 
η = thermal efficiency of the chulha in percent  
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2.5 Thermal Efficiency calculations 

The efficiency of a stove is usually defined as the ratio of heat utilized by the pot to cook food to the heat produced by 
fuel. 
Thermal efficiency is the significant parameter to find out performance of the stove. Water boiling test has been 
performed on both the stoves. Heat transfer efficiency of stove is defined as the ratio of heat utilized by the pot to the 
heat produced by the fuel. Efficiency was calculated as per Indian Standard 13152: Part 1 [6]. It is expressed and 
calculated from Equation 2. 

Thermal Efficiency = Heat  Utilized  
Heat  produced

, (%) 

 
Heat utilized = (n- 1) (WxO.896 + wx4.1868) (t2—t1) + (WxO.896+wx4.186) (t3-t1) kJ        (3) 

 
Heat produced = 4.186 [(X x C1) + (xdc2/l000)] kJ                                                                  (4) 

3. DESCRIPTION OF GASIFIER SYSTEM AND EXPERIMENTAL PROCEDURE  
The gasifier cook-stove tested for heat transfer studies was procured from Samuchit Enviro Pvt. Ltd. developed by 
Appropriate Rural Technology Institute (ARTI). The Portable natural draft TLUD gasifier stove is made of double wall 
combustion chamber. Outer wall of the cook-stove is made up of stainless steel, while inner wall is made up of mild 
steel. At the bottom of stove, there is a provision of holes for primary air to enhance the combustion. Due to density 
difference between cold and hot air, natural draft stoves air gets sucked due to buoyancy of hot flue gasses. Burn rate 
was measured continuously with change in weight of fuel. Fuel stacked inside the combustion chamber in honeycomb 
fashion and placed on weighing balance to measure continuous loss in fuel weight. A heat resistance sheet was kept on 
weighing balance to prevent from heat and then stove was placed above it, as shown in figure.3. Few ml of kerosene 
and easily combustible kindling used to ignite the fuel. Once combustion started, a pot containing 2 kgs of water kept 
on the tripod of cook-stove. Data loggers were used to measure temperature at different location of gasifier cook-stove. 
Four stainless steel K-type thermocouples were positioned at different locations. Two thermo couples were placed, one 
each at inside and outside of the combustion chamber. Other two thermocouples were placed at outer wall of designed 
hood and at exit of the flue gas to measure temperature of flue gases. Technical specification of the gasifier cook-stove 
is given in Table 3. 

Table 1: Technical specifications of the gasifier stove [4]  
 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

3.1 Experimental Setup For Heat Transfer Study & Energy Balance 
Generally, the gap between tripod and vessel is un-optimized due to which, the flue gases could not effectively reach to 
the bottom of vessel and hence majority of the heat loss occurred. During combustion process in the stove, thermal 
inertia of stove and radiations are also responsible for the major heat losses. Steady state assumed for the heat transfer 
study to account energy losses. 

Sr. No Contents  Updraft gasifier stove  
1.  Fuel type  Wood chips, pellets, biomass 

briquettes, small twigs, wood 
chunks, 

2.  By-product 
 

Charcoal  

3.  Diameter 1 (Di) 20 cm 
4.  Diameter 2 (Do) 24 cm  
5.  Inner 

combustion 
chamber height 

25 cm 

6.  Outer 
combustion 
chamber height 

33 cm  

7.  Weight  3.5 kg  
8.  Inner chamber 

volume 
7540 sq cm 

9.  Outer chamber 
volume 

7389 sq cm 
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Figure 1 Schematic of Experimental Setup for Energy Balance  

The complete gasifier stoves with pot are placed inside the closed designed hood and weighing balance is kept in a 
hood with inlet port for air and fuel. Four Stainless steel K-type thermocouples were used to measure temperature at 
different locations. Two thermocouples were positioned at inside and outside of combustion chamber. Out of the 
remaining two thermocouples, one was placed at outer wall of designed hood and other at exit port of hood to measure 
the temperature of flue gases.  An exit port is provided for the escape of flue gases. Duct anemometer was used to 
measure flue gas velocity at the exit port of flue gases as shown in Figure 2. Flame temperature was assumed same as 
inner wall of stove. 
During combustion of fuel inside combustion chamber, heat energy loss can take place through various modes. Figure 4 
shows the schematic of Gasifier stove with different conductive, convective and radiative heat transfer modes.  Table 1 
shows the Schematic of Gasifier stove with heat transfer modes. Energy balance equations for heat transfer studies are 
given below [7]. 

                                                            
      Figure 2 Schematic of Gasifier stove with heat transfer modes.  

Heat energy supplied by the combustion of fuel is the source energy and it is calculated using Equation 5:  
E = M × Q                     (5) 

Where, Q is the calorific value of the fuel, E is the source energy obtained from biomass fuel; M is the mass of the fuel 
consumed.  
Wood energy losses by Flue Gases is calculated using Equation 6 

Flue gases formed as a result of combustion carry a fraction of the heat supplied.  

Heat loss by flue gases = mf × Cf × (T -TRy)        (6) 
Combustion Process is carried for some duration time t-min 
Therefore, heat loss by flue gas:  

Qf = mf × Cf × (Tf-TR) × t× 60                         (7) 
 Entire gasifier cook-stove is enclosed inside the hood, heat energy get transferred to the wall of designed hood, and it 
heated the hood, so energy gained by the hood is due to heat of the flue gasses and is calculated using Equation 4.  

Heat gained by Hood: QH= MH × CH × (T – TR)   (8) 
Total heat loss by flue gases is calculated by addition of heat loss by flue gas and heat gained by hood using Equation 5.              

Therefore,  Total Heat loss by fuel gas: QTF = QF +QH,              (9) 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 5, May 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 5, May 2015                                                                                                Page 356 

Percentage heat losses by Flue gas is calculated using Equation 10:  
% Heat Loss = QTF/E                          (10) 

 
The fraction of the source heat, which is utilized by the stove to heat itself, is known as thermal inertia of stove.  

              (11) 
Energy used the by thermal inertia: 

QTi = MGS × CGS X ΔTLMTD,                    (12) 
 
Radiation heat loss occurs through the opening for the fuel feed. This loss was considered to be the major radiation loss 
encountered in the operation of stove. 
 

Heat loss by radiation: QR = e × σ× (T4 – T4atm) × Ac          (13) 

4.RESULTS AND DISCUSSION 
4.1 Characterization of selected fuel  
Proximate analysis of selected biomass species “cotton waste”,  (Table 2) was carried out to evaluate the physical 
parameters using proximate analyzer. It was observed that it contains higher percentage of volatile matter 72.05 per 
cent.Whearas percentage of fixed carbon in biomass species was to be 16.65 per cent. Higher Ash content and the 
moisture content in biomass are the undesirable properties of biomass species, which can not convert biomass into 
energy. The selected biomass species contain low ash content, which add to their potential as fuel. The Calorific Value 
of selected dried biomass was determined by pelletizing samples (1 gm) and burning inside an oxygen Bomb 
calorimeter (Make: Rajdhani – Model: RSB Digital Bomb calorimeter, India) under adiabatic conditions. Calorific 
value was calculated according to Indian standards (IS-1350-1966), British standard (BS-1016, part 5 1967) and 
institute of petroleum (IP-12/63T) standard test methods. [12] [Digital Bomb Calorimeter manual Catalogue No RSB-
5].  Results for calorific value analysis are shown in Table 3 

Characterization of Biomass Species 
Table 2: Proxiamte Analysis On Air Dried Basis 

 
Sr.No Proximate Analysis (On air dried basis) 

Properties Average value (%) 
1. Moisture content  4.8 
2. Ash 3.1 
3. Volatile matter 72.05 
4. Fixed Carbon 16.65 

 
Table  3: Calorific Value Analysis 

Sample name Wt of sample 
(gm) 

Calorific value 
(kcal/kg) 

Cotton Waste 1 4701 

4.2 Ultimate Analysis and Air/Fuel Ratio Calculation 

 Elemental analysis of air dried biomass samples was carried out using CHN-O Elemental Analyzer Vario EL III 
CHNS serial number 1105:F032) and the results are shown in Table 2. The mass concentrations of Carbon, 
Hydrogen, nitrogen, oxygen vary depending upon the type and origin of the biomass species. The combustion 
process is the rapid chemical reaction of oxygen with biomass and the chemical energy stored in the fuels is 
released as heat energy. 

Table :4 Ultimate analysis (dry wt%) of different biomass species 
 

Fuel constituent Carbon 
% 

Hydrogen 
% 

Nitrogen 
% 

Sulphur 
% 

Oxygen 
% 

Mass % of a fuel 
cotton waste  50.5 7.0 1.18 0.8 22.48 
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Using mass compositions of biomass species, theoretical air required for the gasification of fuel was calculated as 25.14 
kg. Stoichiometric Air/Fuel ratio was found to be 7.29 kg air/kg of fuel for gasification process using above mass 
compositions. 

A/F = 7.29 kg air/kg fuel. 
For an actual air supply, which is 20% in excess of stoichiometric, actual air/fuel ratio?  

A/Factual = 8.74 kg air/kg fuel. 
Performance Evaluations of Gasifier cook stove 
4.3   Burning Rate and Power output Rating 
Experiments were performed on both the conventional and gasifier cook-stoves. The burning rate capacity of cook-stove 
was performed as per BIS standard and calculated using equation 2. It was found to be 1.86 kg/hr for gasifier cook-
stove and 0.5 kg/hr for conventional cook stove. The results signify that gasifier cook stove had a higher burning rate 
than a conventional cook stove due to higher primary air supply which provided by the percolations designed at the 
bottom of the stove.  Heat input per hour of gasifier cook-stove for 1 kg of combustion of fuel was found to be 8.74 
Kcal/hr.  Power output rating was calculated using equation 3. It was found to be higher than the conventional cook 
stove. This inferred a much better performance of the gasifier cook stove.  
4.4 Performance Efficiency of stoves  
Thermal efficiency was performed on both the stoves using cotton waste as a fuel. It was observed that the gasifier cook 
stove shows a thermal efficiency of 20% and conventional stove shows a thermal efficiency of 12 %. Thus, it was found 
that the efficiency of gasifier stove are found to be higher when compared with conventional stove which showed only 
12 % thermal efficiency. Results of thermal efficiency show in Fig 3. During performance test, temperature of water 
was measured at interval of 2 minutes. It is observed from Figure 4 time required to boil water for conventional stoves 
was more than gasifier stoves. The probable reasons could be improved heat transfer to pot by gasifier cook-stove and 
thus the heat produced is more effectively utilized than the reference cook-stove. It produces significant amount of 
charcoal (60 gm) per kilograms of fuel burnt. Therefore, further energy can be extracted by char gasification. Yield of 
charcoal will be depending on properties of fuel. In present study, charcoal yield was observed less than the reported 
study. This could happen due to difference between density of cotton waste and wood. Table 5 shows the results for 
thermal efficiency. Fig 4 show graphical representation between increasing temperature of water verses time. 

Table 5: Results of Thermal Efficiency 
 

Stove type  Fuel Fed 
(kg) 

Thermal 
Efficiency 

(%) 

Time req. to 
boil water 

(min) 

Heat 
Utilized  

KJ 

Heat Produced 
KJ 

Conventional stove  1 12  13 957 7749 
 

Gasifier cook-stove 1 20 8 1748 
 

8693 

 

 
Figure 3 Variation of thermal efficiency for both model stoves 
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Figure 4 Thermal Profile Time Vs Temp 

4.5 Emission measurements and Results 
Due to improper design of combustion zone and low thermal efficiency, it emits gaseous pollutants like CO, particulate 
etc. Such emissions have a serious health consequence on household members especially women involved in the 
cooking and on young children who spends time around their mother while playing. Thus it is necessary to monitor 
indoor air quality by measuring hazardous pollutants like Particulate Matter and Carbon monoxide concentrations. In 
present study, in-house PM and CO was measured to assess indoor air quality. CO was measured using commercial CO 
monitor (Make-Honeywell). PM was measured using UCB particle monitor. Both the pollutants concentrations were 
recorded for every minute. These two devices were placed nearer to each other to minimize data interruption. From 
emission test results it was found that in-house CO conc. was found to be higher in case of conventional stove than 
gasifier stove. Figure 5 show graphical representation of PM (mg/m3) with time (min). Figure 6 (a) and Figure 6 (b) 
illustrates graphical representation of CO (mg/m3) verses time (min). 

Table 6: Emission Measurements Test (IAQ) Results 
 

Stove type Avg. CO conc. (mg/m3) Avg. PM (mg/m3) 
Conventional chulha 20 0.85 
Gasifier stove  14.34 0.33 
% Reduction of pollutants  28 61 

 

 
Figure 5 Concentration of CO versus Time 

 

   
Fig.6 (a)                                                           Fig.6 (b) 
Figure 6 Graphical representation of PM conc. Vs Time 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 5, May 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 5, May 2015                                                                                                Page 359 

4.5 Energy balance calculations  
Entire gasifier cook-stove enclosed inside the hood, heat energy get transferred to the wall of designed hood, and it 
heated the hood, therefore energy gained by the hood is due to heat of the flue gasses and was calculated using Equation 
8.  
Total heat loss by flue gases was calculated by addition of heat loss by flue gas and heat gained by hood using Equation 
10.              
Therefore, Total Heat loss by fuel gas Data needed for energy balance calculation were measured using K type 
thermocouple, flow meter and a digital weighing balance. Table 6 (a), (b) and (c) shows the measured data for energy 
balance calculations. Velocity of flue gases was measured with the help of flow meter. Log mean temperature difference 
of the inner and outer wall (ΔTLMTD) was used to avoid variation in the temperature range while combustion process.  A 
systematic heat transfer study was carried out on both the conventional and gasifier cook stove cook-stoves to find out 
heat losses at different locations. From Table 7 it was found that 98 % of fuel energy of which 20 % is utilized as useful 
energy, 23% is energy losses due to flue gasses, 38 % is losses due to thermal inertia and 14 % is heat losses due to 
radiation. Maximum heat losses observed is due to thermal inertia of the stove. Thermal efficiency can be increased by 
optimizing L/D ratio as we observed loss of heat energy across the vessel and tripod of the cook-stove, during these 
experiments. To achieve a higher thermal efficiency than an observed efficiency, it is important to optimize flame to 
pot area. Heat losses due to thermal inertia can be reduced by optimizing construction of material and the weight of the 
gasifier cook stove. 

Table 6 (a): the measured data for Energy Balance Calculations 
 

 
 
 
 

Table 6 (b): the measured data for Energy Balance Calculations 
 

Mfuel (kg)  Twf  (0C)  Twi  (0C)  Tbf  (0C)  Tflue  
1 100 26 43 101 

 
Table 6(c): the measured data for Energy Balance Calculations 

 
Tbi (0C) Tf  (0C) Average velocity of flue 

gas (m/sec)  
Mhood 

(kg) 
26 303 1.49 20 

 
Table 7 Results of heat transfer study and Energy balance calculations 

 

 
Figure 4 Estimation of different forms of Energies 

Cpw 
(Kcal/kg)  

Cpbarrel 
(kcal/kg)  

Cpstove  
(kcal/kg)  

Cp flue 
(kcal/kg0C)  

e 

1 0.12 229.66 0.243 0.51 

Stove Type Useful 
Energy 

% 

Qflue 
(kcal) 

Qhood 
(kcal) 

QTflue 
(kcal) 

% Heat 
losses by 
Flue Gas 

% Energy 
used by 
thermal 
Inertia 

% Heat loss 
by Radiation 

Reference stove 12 430 
 

67 497 42 56 22 

Gasifier stove 20 240.57 
 

40.8 281.37 23.54 38 14.57 
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5. CONCLUSION  
From the present experiment study, it is inferred that the gasifier cook stove shows higher thermal efficiency for the 
selected biomass wastes fuels, when compared with traditional reference cook stove. Gasifier cook-stove produced 
significant amount of charcoal (60 gm) as a byproduct, per kg of fuel burnt. Thus, we can utilize energy in two ways; 
biomass gasification and char gasification. Produced charcoal can also be utilized to start or light up of fuel for next 
burning cycle. By optimizing weight of the gasifier stove and fuel feeding side opening, we can minimize observed 
maximum thermal inertia of the cook-stove thereby resulting in improvement of thermal efficiency by about 6-8 %. It is 
therefore, necessary to optimize design factors and improving the energy efficiency of biomass burning cook stoves 
potentially, which can offer a cost-effective alternative for easing the burden of buying fuel by urban poor and collecting 
fuel by rural poor. The emission test results obtained showed that average in-house PM emissions for gasifier cook 
stove (0.33 mg/m3) was almost 61 % lower due to partial combustion of solid dry fuels than that of conventional cook 
stove (0.85 mg/m3). The average in household CO emissions for gasifier cook stove (14.34 mg/m3) was found to be  28 
% lower than that of the conventional  cook stove (20 mg/m3).  
Hence, gasifier cook stove is a relatively clean burning device, fuel efficient and easy to operate. It is a source of 
additional income, as produces charcoal has a higher heating value than original solid fuels. Therefore it reveals that 
use of gasifier cook stove would be perspective for rural households over the inefficient conventional cook stove. 
Abbreviations used 
M1=Initial mass of stove with test fuel, (kg) 
M2= Final mass of stove with fuel after half an hour, (kg) 
CV=Calorific value of kcal/kg 
E = energy of the source (kcal) 
CH = specific heat of hood (mild steel) (kcal/kg 0C) 
CGH = stove specific heat of gasifier stove  
Cpw = specific heat of water (kcal/kg 0C) 
Ac = duct cross sectional area of duct anemometer 
Cf = flue specific heat of flue (kcal/kg 0C) 
e = emissivity 
M   = mass of fuel consumed (kg) 
MH = mass of barrel (mild steel) (kg) 
MGH = mass of stove (kg) 
Mf = mass flow rate of flue gas (kg/sec) 
QH= heat gained by barrel (kcal) 
P = atmospheric pressure (kPa) 
Qflue = heat loss due to flue gases (kcal) 
Q = calorific value of fuel (kcal) 
QR= heat loss due to radiation (kcal) 
QTF = total heat loss due to fuel gas  
QV = volumetric flow rate of flue gases (m3/sec) 
QTi = thermal inertia of stove 
TFH=Final temperature of hood  
Tf = temperature of flue gases (0C) 
Tiw = temperature of inner wall of stove (0C) 
Tow = temperature of outer wall of stove (0C) 
ΔTLMTD = mean temperature of inner and outer wall of stove (0C) 
Tf = flame temperature (0C) 
Tatm = atmospheric temperature (0C) 
ρ = density of flue gas (kg/m3) 
VF = average velocity of flue gases (m/sec) 
σ = Stefan Boltzmann constant (W/ m2) 
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